Objective We determined differences in the prevalence of blood pressure (BP) phenotypes and the association of these phenotypes with left ventricular hypertrophy (LVH) for individuals who fulfilled and did not fulfill various criteria used for defining a complete ambulatory blood pressure monitoring (ABPM) recording.
Introduction
Ambulatory blood pressure monitoring (ABPM) provides a profile of an individual's blood pressure (BP) during their normal daily activities [1] . Typically, an individual wears a portable monitor for a 24-h period, during which BP is measured at pre-established time intervals of 15-30 min [2] . Because movement can result in reading errors and the ABPM device may be removed and put back on, many people do not obtain 100% of planned BP readings. Different criteria have been used to define a complete 24-h ABPM recording. For an ABPM recording to be considered complete, the Spanish ABPM Registry required greater than or equal to 80% of planned systolic blood pressure (SBP) and diastolic blood pressure (DBP) readings to be obtained with at least one reading per hour [3] . In contrast, other groups have required less stringent criteria. For example, the UK National Institute of Health and Clinical Excellence (UK-NICE) guideline requires greater than or equal to 14 daytime readings for an ABPM recording to be considered complete [4] . Several other criteria have been used to define a complete ABPM recording in previous research studies or have been recommended by clinical practice guidelines (Table 1) [2, 5, 6] .
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There are no evidence-based criteria for defining a complete 24-h ABPM recording. Although the use of stringent criteria for defining a complete ABPM recording may provide more accurate estimates of the prevalence of various BP phenotypes (e.g. white-coat hypertension) and of associations with outcomes, this practice will tend to exclude individuals with fewer ambulatory BP readings. This may lead to biased prevalence estimates and phenotype-outcome associations if systematic differences exist between individuals with fewer versus more ABPM readings. Therefore, the aim of this study was to determine whether the prevalence of BP phenotypes differs among individuals who fulfill some but not other published criteria used to define a complete 24-h ABPM recording. We also evaluated whether the association of BP phenotypes with left ventricular hypertrophy (LVH) differs for individuals who fulfill one but not another set of criteria. Findings from this analysis may inform future research studies on whether less stringent criteria can be used for considering a 24-h ABPM recording complete.
Methods

Study population
The Jackson Heart Study (JHS) enrolled a communitybased cohort of 5306 African Americans between 2000 and 2004. Details of the design and conduct of the JHS have been published elsewhere [7, 8] . Participants were recruited from urban and rural areas of three counties (Hinds, Madison, and Rankin) that comprise the Jackson, Mississippi metropolitan area. After an in-home interview and baseline examination, participants were invited to complete a 24-h ABPM procedure and a total of 1146 participants underwent ABPM. For the current analysis, we excluded participants missing data on clinic SBP or DBP (n = 5) for a sample size of 1141 participants. For the analyses of the association between BP phenotypes and LVH, we further excluded 27 participants who did not have echocardiographic data. The protocol for the JHS was approved by the institutional review boards of the participating institutions and all participants provided written informed consent. The current analysis of de-identified data was approved by the institutional review board at the University of Alabama at Birmingham.
Data collection
Data for the current analyses were collected by questionnaires, a clinic examination, and ABPM. Of relevance to the current analysis, data that were collected through the interview-administered questionnaires included age, sex, education, marital status, cigarette smoking, physical activity, history of cardiovascular disease (CVD), history of diabetes, and self-reported use of antihypertensive medication. Using a modified Baecke questionnaire, the duration, frequency, and intensity of physical activity were assessed and reported in four domains (active living, work, home life, and sports and exercise) [9, 10] . Participants were considered to be taking antihypertensive medication if they self-reported use of medication to lower BP in the 2 weeks before their clinic examination. Measures obtained during the clinic examination included height, weight, and BP. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ).
Participants were asked to fast before their JHS examination. Venipuncture was performed in the morning after participants had rested in a supine position for 20 min. Total and high-density lipoprotein (HDL) cholesterol were measured from blood samples obtained during the clinic examination using a Roche COBAS Fara analyzer (Roche Diagnostics Corporation, Indianapolis, Indiana, USA) in the central laboratory located at the University of Minnesota Department of Laboratory Medicine and Pathology. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation [11] . Reduced eGFR was defined as less than 60 ml/min per 1.73 m 2 [12] .
Clinic blood pressure readings
Clinic BP was measured in each participant's right arm following a standardized protocol using a Hawksley random zero sphygmomanometer and a Littman stethoscope. The appropriate cuff size was determined by measuring each participant's right arm circumference. Two BP readings, separated by a 1 min rest, were obtained and averaged to define clinic SBP and DBP. The random-zero sphygmomanometer has been shown to underestimate BP [13] . Therefore, the random-zero BP measurements were calibrated to a semiautomated device (Omron-HEM-907; Omron Healthcare Inc., Lake Forest, Illinois, USA) using robust regression as described previously [14] .
Ambulatory blood pressure readings ABPM was performed using a SpaceLabs 90207 device following the clinic examination. Readings were taken every 20 min during the 24-h monitoring period. In a previous study, the differences in the mean daytime and nighttime BP was small when using fixed-time periods compared with self-report or actigraphy to define the daytime and nighttime periods [15] . Therefore, to omit asleep-awake transition periods during which BP changes markedly, fixed-time periods were used to define daytime (10 a.m. to 8 p.m.) and nighttime (12 a.m. to 6 a.m.) periods [6, 15, 16] . Five sets of criteria were used to define a complete 24-h ABPM recording ( [8] . Left ventricular (LV) dimensions, including interventricular septum thickness in diastole, LV internal dimension in diastole, and posterior wall thickness in diastole, were assessed according to the 2D method on the basis of the 2015 American Society of Echocardiography recommendations [19] .
Echocardiographic-derived variables
Left ventricular mass (LVM) was calculated using the 2015 American Society of Echocardiography formula:
. Left ventricular mass index (LVMI) was calculated as LV mass/body surface area [19] . LVH was defined as LVMI greater than or equal to 96 g/m 2 in women and LVMI greater than or equal to 116 g/m 2 in men [19] .
Statistical analysis
We determined the characteristics for participants who fulfilled and did not fulfill each set of criteria for defining a complete 24-h ABPM recording. Among participants who fulfilled each set of criteria, we calculated the prevalence of BP phenotypes. The percentage of participants who fulfilled one set of criteria, but not each of the other criteria, was calculated. The statistical significance of differences in the prevalence of each BP phenotype across criteria was determined using a 1000-iteration bootstrap [20] . For the remaining analyses, we investigated pairwise sets of criteria where there was more than 10% discordance in the proportion of participants classified as having a complete ABPM. Specifically, the analyses described below were carried out among participants who fulfilled the 2003 ESH, IDACO, and UK-NICE criteria separately. The prevalence of each BP phenotype was calculated for participants who fulfilled and did not fulfill the Spanish ABPM Registry criteria, separately, and those who fulfilled and did not fulfill the 2013 ESH criteria separately. Next, we calculated the unadjusted prevalence ratios for LVH associated with BP phenotypes among participants who fulfilled and did not fulfill the Spanish ABPM Registry criteria and, separately, the 2013 ESH criteria using Poisson regression models with robust standard errors. The statistical significance of differences in the association between BP phenotypes and LVH for participants who fulfilled versus those who did not fulfill the Spanish ABPM Registry and 2013 ESH criteria was evaluated in multivariableadjusted Poisson regression models using a multiplicative interaction term (e.g. indicator term for daytime hypertension × indicator term for fulfilling the Spanish ABPM Registry criteria). Also, multivariable-adjusted prevalence ratios were calculated to determine participant characteristics associated with fulfilling versus not fulfilling the Spanish ABPM Registry and 2013 ESH criteria. 
Results
Participant characteristics
Of the 1141 participants included in this analysis, the mean age was 59 years and 32% were men. The proportion of participants with a complete ABPM ranged from 45.0% for the Spanish ABPM Registry criteria to 91.8% for the UK-NICE criteria (Fig. 1) . Participants who did not fulfill versus those who fulfilled each set of criteria were more likely to be current smokers, except the Spanish ABPM Registry criteria, and had a higher BMI ( Prevalence of blood pressure phenotypes by five different criteria for defining a complete recording
The prevalence of daytime, nocturnal, 24-h, sustained, and masked hypertension was within 2% among participants who fulfilled each set of criteria for a complete 24-h ABPM recording ( 
Left ventricular hypertrophy
Among participants who fulfilled the 2003 ESH, IDACO, and UK-NICE criteria, having versus not having daytime, nocturnal, 24-h, and masked hypertension, were each associated with a higher prevalence ratio of LVH for those who fulfilled and did not fulfil the Spanish ABPM Registry criteria and 2013 ESH criteria, although some of the 95% confidence intervals were wide (Table 5) . Sustained hypertension was associated with LVH among those who fulfilled the Spanish ABPM Registry criteria and the 2013 ESH criteria, but the associations for those who did not fulfill these criteria were weaker and not statistically significant. White-coat hypertension and nondipping BP were not associated with LVH for There are no firm data on which to base recommendations for defining a complete ABPM recording [2] . Given the lack of data, it is not surprising that the criteria for a complete ABPM recording have not been harmonized across position statements and clinical practice guidelines. Requiring a higher number of readings to define a complete ABPM recording can result in more stable BP estimates and should minimize the effect of any spikes or troughs of single BP readings. However, use of less stringent criteria for a complete ABPM will increase the number of individuals with complete recordings and presumably increase the generalizability of the results. There are few data evaluating the impact of using different criteria for defining a complete ABPM recording. The percentage of participants excluded from published analyses because of not having a complete ABPM recording has often not been reported. In previous analyses of the Coronary Artery Risk Development in Young Adults study and the JHS, 11.1 and 8.9% of the participants, respectively, were excluded because they did not fulfill the IDACO criteria [21, 22] . The current study showed that a markedly higher percentage of participants would be excluded from analyses if the Spanish ABPM Registry or 2013 ESH criteria were used to define a complete ABPM recording.
Although the overall prevalence of BP phenotypes was similar for participants who fulfilled each set of criteria evaluated in the current study, there were subgroups of participants who were less likely to fulfill the more stringent ABPM criteria. Participants who were older and had a higher BMI were less likely to fulfill the criteria for the Spanish ABPM Registry and 2013 ESH guidelines. Older individuals may be less likely to have a valid Criteria for a complete ABPM recording Bromfield et al. 109
ABPM recording because of a higher prevalence of arrhythmias [23, 24] . The challenges of performing ABPM in obese individuals are well recognized and include issues of cuff bladder size and conical-shaped arms [2] . ABPM is particularly important in these populations because older adults have a high prevalence of white-coat hypertension and obese adults have a high prevalence of masked hypertension [25, 26] . Having reduced eGFR was associated with a lower likelihood of not having a complete ABPM recording as defined by the Spanish ABPM Registry or ESH 2013 criteria.
The aim of the current analysis was to inform future studies on the criteria to be used to define a complete ABPM recording and the effect of this choice on the population prevalence of phenotypes and their associations with outcomes. It remains unclear how many readings are required to accurately diagnose an individual with daytime and nocturnal hypertension, or other phenotypes, on ABPM. The number of clinic BP readings needed to diagnose hypertension has been evaluated in previous studies. For example, in a study of USA Veterans followed for 18 months, the probability that an individual with a single SBP reading greater than or equal to 140 mmHg actually has clinic-measured SBP of at least 140 mmHg is less than 70% [27] . This probability increases to more than 92% for an individual with clinicmeasured SBP greater than or equal to 140 mmHg on the basis of the average of five SBP readings taken over five visits. Although use of less stringent criteria may be acceptable for research studies and generating population estimates, more stringent criteria (e.g. ≥80% of planned BP readings) may be desirable to diagnose hypertension or guide the titration of treatment for individual patients. This should be evaluated in future studies.
The current study highlights the importance of training staff to perform ABPM. Some individuals may experience discomfort while undergoing ABPM [28] . However, in a study of 1010 adults, approximately half with and half without hypertension, 46.4% reported a willingness to tolerate mild discomfort and an additional 37.0% reported that they would tolerate moderate or extreme discomfort to obtain an accurate estimate of their BP [29] . Based on our experience, having staff carefully explain the ABPM procedure, what individuals should expect during the monitoring period, and approaches to prevent failed readings (e.g. to stop moving before the inflation of the BP cuff, not talking when having their BP measured) can result in successful recordings for the vast majority of individuals. Obtaining 100% of planned BP readings should be the goal of ABPM and would prevent the need to decide among criteria for defining a complete recording.
There are several strengths in the current study. The JHS is a large community-based sample that measured ABPM and clinic BP following standardized protocols. In addition, a large number of covariates were collected, allowing the assessment of factors associated with fulfilling versus not fulfilling criteria for a complete ABPM recording. Despite these strengths, the findings from this study should be interpreted in the context of known and potential limitations. Clinic BP was measured using a Hawksley random zero sphygmomanometer, which has been suggested to underestimate SBP and DBP [30] . The JHS enrolled only African Americans and the findings may not be generalizable to other race/ethnic groups. ABPM was performed in a selected sub-group of JHS participants. Upon comparing the demographic and clinical characteristics of JHS participants who did and did not volunteer to complete ABPM, differences were present [22] . Also, 24-h ABPM was only performed once, which may result in misclassification of BP phenotypes. There have not been enough CVD events among the subset of JHS participants who underwent ABPM to study whether the association between BP phenotypes and CVD events differs for individuals fulfilling one but not another set of criteria for a complete ABPM. However, we were able to study LVH, a marker of hypertensionrelated organ damage and a well-established risk factor for CVD.
Conclusion
The prevalence of BP phenotypes was similar for participants who fulfilled several different published criteria for defining a complete ABPM recording. Also, among participants who fulfilled the less stringent criteria (i.e. 2003 ESH, IDACO and UK-NICE criteria), the associations between BP phenotypes and LVH were similar for participants who did and did not fulfill the more stringent criteria (i.e. the Spanish ABPM Registry and 2013 ESH criteria). Excluding participants by applying criteria that are more stringent will result in reduced statistical power while not affecting the prevalence of BP phenotypes or phenotype-outcome associations. Although achievement of 100% of planned readings should be the goal for all individuals undergoing ABPM, the current analyses suggest that less strict criteria can be used to define a complete recording in research studies.
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